p 



SOLDERING METHOD, SOLDERING DEVICE, AND METHOD AND DEVICE OF 
FABRICATING ELECTRONIC CIRCUIT MODULE 

Japanese Patent Application No. 2001-075534, filed on 
5 March 16, 2001, is hereby incorporated by reference in its 
entirety - 

BACKGROUND OF THE INVENTION 
The present invention relates to a soldering method, a 
10 soldering device, and a method and a device of fabricating an 
electronic circuit module. 

A method of bonding a plurality of electronic parts to 
an interconnect substrate by combining reflow soldering and 
13 flow soldering is known. In this case, one surface of the 

C3l5 interconnect substrate is generally subjected to reflow 
Q soldering, and the other surface is subjected to flow soldering 

thereafter . 

In recent years, it is desired that the electronic parts 
be mounted using solder containing no lead. However, since 
20 electrodes of the electronic parts are generally plated with 
a material containing lead, a metal layer containing lead may 
segregate in solder joint sections at the boundary with the 
interconnect substrate after reflow soldering. Since the 
metal layer containing lead has a melting point lower than that 
25 of the metal layer containing no lead, the solder joint sections 
of the electronic parts mounted on one surface of the 
interconnect substrate may be removed from the interconnect 
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substrate as a result of heat applied from the other surface 
during flow soldering. 



SUMMARY OF THE INVENTION 
5 According to a first aspect of the present invention, 

there is provided a soldering method comprising the steps of: 
bonding a first electronic component having electrodes 
plated with a material containing lead to one surface of an 
M. interconnect substrate through solder containing no lead; 

plO flow- soldering to. bond a second electronic component to 

Q the other surface of the interconnect substrate; and 

J* heating a joint section between the first electronic 

* component and the interconnect substrate at the same time as 

Tfi or after the step of flow- soldering to melt the joint section. 

S^IS According to a second aspect of the present invention, 

there is provided a method of fabricating an electronic circuit 
module, wherein the first and second electronic components are 
mounted on the interconnect substrate by the above soldering 
method. 

20 According to a third aspect of the present invention, 

there is provided a soldering device comprising: 

a flow soldering section, when a first electronic 
component having electrodes plated with a material containing 
lead is bonded to one surface of an interconnect substrate 
25 through solder containing no lead, bonds a second electronic 
component to the other surface of the interconnect substrate, 
wherein the flow soldering section includes a heater 
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disposed on the side of a surface of the interconnect substrate 
to which the first electronic component is bonded, to melt a 
joint section between the first electronic component and the 
interconnect substrate . 

According to a fourth aspect of the present invention, 
there is provided a device of fabricating an electronic circuit 
module comprising the above soldering device, wherein the first 
and second electronic components are mounted on the 
interconnect substrate . 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

Fig. 1 is a view showing a soldering method according to 
an embodiment to which the present invention is applied. 

Fig. 2 is a view showing the soldering method according 
to the embodiment to which the present invention is applied. 

Fig. 3 is a view showing the soldering method according 
to the embodiment to which the present invention is applied. 

Fig. 4 is a view showing the soldering method and a 

embodiment to which the 

soldering method and the 
embodiment to which the 

soldering method and the 
embodiment to which the 

soldering method and the 



soldering device 
present invention 

Fig. 5 is a 
soldering device 
present invention 

Fig. 6 is a 
soldering device 
present invention 

Fig. 7 is a 



according to the 
is applied, 
view showing the 
according to the 
is applied, 
view showing the 
according to the 
is applied, 
view showing the 



soldering device according to the embodiment to which the 
present invention is applied. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

An embodiment of the present invention may provide a 
soldering method, a soldering device, and a method and a device 
of fabricating an electronic circuit module capable of solving 
the above -described problem and ensuring a highly reliable 
electrical connection between electronic parts and an 
interconnect substrate . 

(1) According to an embodiment of the present invention, 
there is provided a soldering method comprising the steps of: 

bonding a first electronic component having electrodes 
plated with a material containing lead to one surface of an 
interconnect substrate through solder containing no lead; 

flow- soldering to bond a second electronic component to 
the other surface of the interconnect substrate; and 

heating a joint section between the first electronic 
component and the interconnect substrate at the same time as 
or after the step of flow- soldering to melt the joint section. 

According to this embodiment, the joint section between 
the first electronic component and the interconnect substrate 
is heated at the same time as or after the flow soldering step. 
This causes the entire area of the joint section to remelt. 
Therefore, a problem in which only a low-melting-point area 
containing lead in the joint sections is melted due to heat 
during flow soldering can be prevented. Because of this, the 



first electronic component can be prevented from being removed 
from the interconnect substrate. 

(2) In this soldering method, the step of heating the 
joint section may be performed at the same time as the step of 
flow soldering. 

(3) In this soldering method, the step of heating the 
joint section may be performed after the step of flow soldering . 

This enables the entire area of the joint section to be 
melted. 

(4) In this soldering method, the step of heating the 
joint section may be performed both at the same time as and after 
the step of flow soldering. 

(5) In this soldering method, the step of heating the 
joint section may be performed by at least one of radiant heat 
and a hot blast. 

(6) In this soldering method, the first electronic 
component may be bonded to one surface of the interconnect 
substrate by reflow soldering. 

According to this feature, flow soldering is performed 
after bonding the first electronic component to the 
interconnect substrate using reflow soldering. 

(7) In this soldering method, the first electronic 
component may be bonded to one surface of the interconnect 
substrate by hand soldering. 

(8) This soldering method may further comprise a step of 
preheating the joint section before the step of flow soldering. 

This enables the entire area of the joint section to be 



melted reliably after the preheating step. 

(9) In this soldering method, the solder containing no 
lead may be formed of at least one material selected from a group 
consisting of tin, silver, copper, zinc, and bismuth. 

(10) In this soldering method, at least the step of 
heating the joint section may be performed in a chamber. 

(11) According to another embodiment of the present 
invention, there is provided a method of fabricating an 
electronic circuit module, wherein the first and second 
electronic components are mounted on the interconnect substrate 
by the above soldering method . 

(12) According to still, another embodiment of the present 
invention, there is provided a soldering device comprising: 

a flow soldering section, when a first electronic 
component having electrodes plated with a material containing 
lead is bonded to one surface of an interconnect substrate 
through solder containing no lead, bonds a second electronic 
component to the other surface of the interconnect substrate, 

wherein the flow soldering section includes a heater 
disposed on the side of a surface of the interconnect substrate 
to which the first electronic component is bonded, to melt a 
joint section between the first electronic component and the 
interconnect substrate . 

According to this embodiment, the flow soldering device 
includes the heater disposed on the side of a surface of the 
interconnect substrate to which the first electronic component 
is bonded. This enables the entire area of the joint section 



between the first electronic component and the interconnect 
substrate to be remelted. Therefore, a problem in which only 
a low-melting-point area containing lead in the joint section 
is melted due to heat during flow soldering can be prevented. 
Because of this, the first electronic component can be prevented 
from being removed from the interconnect substrate. 

(13) In this soldering device, the flow soldering section 
may have a solder supplying section disposed on the side of the 
other surface of the interconnect substrate; and the heater may 
be disposed above the solder supplying section. 

This enables the joint section to be heated during the 
flow soldering. 

(14) In this soldering device, the flow soldering section 
may have a solder supplying section disposed on the side of the 
other surface of the interconnect substrate; and the heater may 
be disposed downstream from the solder supplying section in a 
direction in which the interconnect substrate is transferred. 

This enables the entire area of the joint section to be 
melted . 

(15) In this soldering device, the flow soldering section 
may have a solder supplying section disposed on the side of the 
other surface of the interconnect substrate; and the heater may 
be disposed above the solder supplying section or downstream 
from the solder supplying section in a direction in which the 
interconnect substrate is transferred. 

(16) This soldering device may comprise a plurality of 
the heaters. 



wherein the flow soldering section may have a solder 
supplying section disposed on the side of the other surface of 
the interconnect substrate; 

wherein part of the heaters may be disposed above the 
5 solder supplying section; and 

wherein another part of the heaters may be disposed 
downstream from the solder supplying section in a direction in 
which the interconnect substrate is transferred. 

(17) This soldering device may have a plurality of the 
PlO above heaters, wherein at least one of the heaters may be a far 

# infrared heater. 

M 

1^ (18) This soldering device may further comprise a fan. 

This enables the joint section to be heated ef ficiently. 
(19) This soldering device may further comprise a reflow 
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rSl5 soldering section for bonding the first electronic component 
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to one surface of the interconnect substrate. 

(20) This soldering device may further comprise a second 
heater for preheating the joint section before flow soldering. 

This enables the entire area of the joint section to be 
20 melted reliably after the preheating step. 

(21) This soldering device may further comprise a chamber 
in which at least the flow soldering section is disposed. 

(22) According to further embodiment of the present 
invention, there is provided a device of fabricating an 

25 electronic circuit module comprising the above soldering device, 
wherein the first and second electronic components are mounted 
on the interconnect substrate. 
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An embodiment of the present invention is described below 
with reference to the drawings. However, the present invention 
is not limited to the following embodiment. 

Figs. 1 to 7 are views illustrating a soldering method 
5 and a soldering device according to the embodiment to which the 
present invention is applied. In the embodiment of the present 
invention, first electronic components 2 0 and 26 are bonded to 
a first surface 12 of an interconnect substrate 10, and second 
electronic components 50, 52, 54, and 56 are then bonded to the 

ha. 

^=flO interconnect substrate 10 using flow soldering. 



'M Figs. 1 and 2 are views showing a step of bonding the first 

electronic components 20 and 26 to the interconnect substrate 
§0 10. In the example shown in the figures, the first electronic 

gj components 2 0 and 2 6 are mounted using reflow soldering. 

i ;i I 

Si5 As the interconnect substrate 10, a conventional 

|ri 

interconnect substrate may be used. The interconnect 

ill 

substrate 10 is an organic or inorganic substrate on which 
interconnect patterns 16 are formed. The interconnect 
substrate 10 may be referred to as a circuit substrate or a 

20 printed wiring board (PWB) . The interconnect substrate 10 is 
provided with various types of electronic parts mounted thereon 
and installed in electronic equipment. The interconnect 
substrate 10 may be either a rigid substrate or a flexible 
substrate, which may be either a single-layer substrate or a 

25 multi- layer substrate. 

The interconnect substrate 10 has the first surface 12 
and a second surface 14 opposite thereto. Through-holes 18 may 
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optionally be formed through the first and second surfaces 12 
and 14 of the interconnect substrate 10. Part of the 
interconnect patterns 16 is formed in the through-holes 18. 
Leads of through-hole type electronic parts are inserted into 
5 the through-holes 18. 

Solder 30 is applied to the first surface 12 of the 
interconnect substrate 10. The solder 30 may be applied to 
lands of the interconnect patterns 16. The first electronic 
components 20 and 26 are soldered onto the interconnect patterns 
™10 16 using the solder 30. As the solder 30, solder containing 
no lead (lead-free solder) is used. The material for the solder 
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30 is not limited insofar as the material does not contain lead. 
The solder 30 may be formed of a material containing at least 
one of tin, silver, copper, zinc, and bismuth. As examples of 



rSi5 the solder 30, Sn-Ag-based solder, Sn-Ag-Cu-based solder, 

IS s 

St Sn-Ag-Bi -based solder, Sn-Ag-Cu-Bi -based solder, Sn-Zn-based 

solder, Sn-Zn-Bi-based solder, and the like can be given. The 
ratio of the elements in the material for the solder 30 is not 
limited. For example, the ratio may be Sn (91%) -Zn (9%) , 

20 Sn(89%) -Zn{8%) -Bi (3%) , or Sn(89%)-Zn(8 to 1%)-Bi(3 to 10%). 
The solder 30 is supplied in an appropriate amount using 
printing or the like. 

The first electronic components 20 and 26 are mounted on 
the first surface 12 of the interconnect substrate 10 through 

25 the solder 30. The first electronic components 20 and 26 are 
generally surface-mount type electronic parts (SMD) . The 
surf ace -mount type electronic parts are generally bonded to the 
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interconnect substrate 10 using reflow soldering. The first 
electronic components 2 0 and 2 6 include electronic devices such 
as an active device or passive device. The first electronic 
components 2 0 and 2 6 may be formed by packaging electronic 
devices. As examples of the first electronic components 20 and 
26, semiconductor devices, resistors, capacitors, coils, 
oscillators, filters, temperature sensors, thermistors, 
varistors, variable resistors , fuses, and the like can be given . 

The first electronic components 20 and 26 have electrodes 
(external terminals) which are bonded to the interconnect 
patterns 16. The electrodes of at least one of the first 
electronic components 20 and 26 are plated with a material 
containing lead. For example, the first electronic component 
20 has leads (electrodes) 22, of which the surface is plated 
with a material containing lead. In the example shown in Fig. 
1 , the first electronic component 20 is a QFP- type semiconductor 
device . 

The first surface 12 on which the first electronic 
components 2 0 and 2 6 are mounted is subjected to a reflow step, 
as shown in Fig. 1. Specifically, the interconnect substrate 
10 is placed in a furnace equipped with a heater 40. The heater 
40 is generally disposed on the side of the first surface 12 
of the interconnect substrate 10. The reflow step may be 
performed using a conventional method. 

The solder 30 is melted during the reflow step, whereby 
the first electronic components 20 and 26 are bonded to the 
interconnect patterns 16 on the first surface 12, as shown in 



Fig. 2. In more detail, a joint section 32 which electrically 
connects the first electronic component 20 with the 
interconnect substrate 10 is formed between the lead 22 and the 
interconnect pattern 16. 
5 Since the lead 22 is plated with a material containing 

lead, a metal layer containing lead is partly formed in the joint 
section 32 after the reflow step. In more detail, a first metal 
layer 34 containing no lead and a second metal layer 36 

ys, containing lead are formed in the joint section 32. The second 

P 

*nlO metal layer 36 is generally formed in the joint section 32 at 
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the boundary with the interconnect pattern 16. In the case of 
using Sn- Ag-Cu-based solder as the solder 30, the second metal 
layer 36 is formed of an Sn-Ag-Pb-based metal . The second metal 
layer 36 containing lead has a melting point lower than that 



©15 of the first metal layer 34 containing no lead. 



According to the embodiment of the present invention, a 
decrease in the bonding strength of the first electronic 
component 2 0 to the interconnect substrate 10 can be prevented 
by eliminating a problem caused by the formation of the second 

20 metal layer 36 having a comparatively lower melting point, as 
described later. 

Differing from the above -described example, the first 
electronic components 20 and 26 may be bonded to the first 
surface 12 of the interconnect substrate 10 using hand soldering. 

25 Specifically, the first electronic components 20 and 26 may be 
soldered by hand. The first electronic components 20 and 26 
may be soldered using reflow soldering and hand soldering in 
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combination. 

Figs . 3 and 4 are views showing a step of bonding the second 
electronic components 50, 52, 54 and 56 to the Interconnect 
substrate 10 using flow soldering. The second surface 14 of 
the interconnect substrate 10 is subjected to flow soldering. 
The second electronic components 50, 52, 54 and 5 6 may be mounted 
on either the first surface 12 or the second surface 14 of the 
interconnect substrate 10. 

The second electronic components 50, 52, 54 and 56 are 
mounted on the interconnect substrate 10, as shown in Fig. 3. 
The second electronic components 50, 52, 54 and 56 may be either 
surface-mount types or through-hole types. The through-hole 
type second electronic components (THD) 50 and 52 are mounted 
on the first surface 12 of the interconnect substrate 10. The 
surface-mount type second electronic components (SMD) 54 and 
56 are mounted on the second surface 14 of the interconnect 
substrate 10. The through-hole type second electronic 
components 50 and 52 are secured by inserting their leads into 
the through-holes 18. The surf ace -mount type second 
electronic components 54 and 56 are bonded to the second surface 
14 using an adhesive (not shown) . The second electronic 
components 5 0 and 52 may be provided after bonding the second 
electronic components 54 and 56 to the interconnect substrate 
10. 

The second electronic components 50, 52, 54 and 56 are 
bonded to the interconnect substrate 10 by flow soldering, as 
shown in Fig. 4. A flow soldering section is described below. 



The flow soldering section of this embodiment includes a solder 
tank (solder supplying section) 60 and a heater 70 disposed on 
the side of the first surface 12. The soldering device of this 
embodiment includes the flow soldering section. 

The solder tank 60 is disposed on the side. of the second 
surface 14 of the interconnect substrate 10, and supplies molten 
solder 62. The solder tank 60 may be either a stationary type 
or jet flow type. Specifically, the flow soldering may be 
either dip soldering or jet flow soldering. In the case of using 
jet flow soldering, the molten solder 62 in the solder tank 60 
is pressurized using a pump (not shown) and jetted toward the 
interconnect substrate 10 according to the shape of a nozzle 
(not shown) . In this case, the second surface 14 of the 
interconnect substrate 10 is heated- The molten solder 62 may 
be either solder containing lead or solder containing no lead 
(lead- free solder) . The molten solder 62 may be supplied using 
a conventional method. 

The first surface 12 of the interconnect substrate 10- is 
also heated as a result of heat applied to the second surface 
14 during flow soldering. The joint sections 32 on the first 
surface 12 consist of the first metal layer (containing no lead) 
34 and the second metal layer (containing lead) 36 having a 
melting point lower than that of the first metal layer 34. 
Therefore, a phenomenon may occur in which the second metal 
layer 36 is melted when the first surface 12 is heated, but the 
first metal layer 34 does not melt. This causes the joint 
sections 32 to be partly melted, whereby the first electronic 



components 20 and 2 6 may be removed from the interconnect 
substrate 10 even if the joint sections 32 are solidified. 
Therefore, in the embodiment of the present invention, the joint 
sections 32 are heated using the heater 70 in order to prevent 
5 this problem. 

The heater 70 is disposed on the side of the first surface 
12 of the interconnect substrate 10, as shown in Fig. 4. The 
number of heaters 7 0 may be one or more. The heater 7 0 causes 
the solder joint sections 32 on the first surface 12 to melt. 

G3lO In more detail, the first metal layer (containing no lead) 34 

P 

-*0 in the joint sections 32 having a melting point higher than that 

1=^ of the second metal layer (containing lead) 36 is also melted. 

RJ The temperature of the joint sections 32 heated using the heater 

Q 70 may be about 180 to 230 °C, for example. In more detail, 

^===5 15 the temperature of the joint sections 32 heated using the heater 

m 

ii^ 7 0 reaches or exceeds the temperature at which the first metal 

HI 

layer 34 is melted. For example, in the case where the first 
metal layer 34 is formed of an Sn- Ag-Cu-based metal, the 
temperature may be about 217 to 221 "^C. 

20 The heater 7 0 may be disposed above the solder tank 60, 

as shown in Fig. 4. Specifically, the joint sections 32 on the 
first surface 12 of the interconnect substrate 10 may be heated 
while performing flow soldering on the second surface 14. 
Heating using the heater is preferably performed at least at 

25 the same time with flow soldering. This causes the entire area 
of the joint section 32 to be melted efficiently by heat from 
the heater (heater 70, for example) in addition to heat during 
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flow soldering. 

A plurality of heaters 70 and 170 may be disposed above 
the solder tank 60 and downstream therefrom in a direction 80 
in which the interconnect substrate 10 is transferred, as shown 
in Fig. 5. In other words, the heater 7 0 may be disposed above 
the solder tank 60, and the heater 170 maybe disposed downstream 
from the solder tank 60 in the direction 80 in which the 
interconnect substrate 10 is transferred. According to this 
feature, since the joint sections 32 are also heated after the 
completion of flow soldering, the first metal layer 34 which 
could not be melted during flow soldering can be melted 
thereafter. Therefore, since the entire area of the joint 
sections 32 is melted, the joint sections 32 can be solidified 
by surface tension in a good state. Differing from the example 
shown in the figure, only one heater (either the heater 70 or 
heater 17 0, for example) may be disposed above the solder tank 
60 or downstream therefrom. 

The joint sections 32 may be heated using the heater 170 
immediately after the completion of flow soldering, as shown 
in Fig. 6. Specifically, the heater 170 may be disposed 
downstream from the solder tank 6 0 in the direction 8 0 in which 
the interconnect substrate 10 is transferred. In this case, 
the entire area of the joint sections 32 can also be melted. 

The heating structure of the heaters 70 and 170 is not 
limited. For example, the heaters 70 and 170 may be infrared 
heaters (including far infrared heaters) . There are no 
specific limitations to the structure of the infrared heaters 



insofar as the infrared heaters heat by utilizing infrared 
radiation (including far infrared radiation) . The heaters 70 
and 170 may be sheath heaters or coil heaters. In the case of 
using a plurality of heaters 70 and 170, heaters having 
different structures may be used in combination. The heating 
method may be a method using radiant heat of far infrared 
radiation or the like, a method using a hot blast, a combination 
of these, or the like. In the case of heating using a hot blast, 
a hot blast may be applied to the interconnect substrate 10 using 
a fan 72. This enables the joint sections 32 to be heated 
efficiently. 

A second heater 74 for heating the joint sections 32 on 
the first surface 12 before performing flow soldering may 
optionally be provided. The second heater 74 is disposed 
upstream from the solder tank 60, opposite to the direction 80 
in which the interconnect substrate 10 is transferred. The 
second heater 74 is preferably disposed on the side of the first 
surface 12 of the interconnect substrate 10. Since the joint 
sections 32 can be preheated by providing the second heater 74, 
the joint sections 32 can be melted reliably after preheating. 
The heating structure and the heating method of the second 
heater 74 are not limited. Any of those applied to the heater 
70 may be applied. The interconnect substrate 10 may be 
transferred automatically using a transfer means 82. 

The soldering device may include a chamber 90, as shown 
in Fig. 7. The chamber 90 may be provided in the area of the 
flow soldering section, as shown in the figure. The chamber 
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90 may be provided only in the area of the second heater 74, 
or the chamber 90 may be provided in the area including both 
the flow soldering section and the second heater 74. 

The soldering device according to the embodiment of the 
5 present invention may further include a reflow soldering 
section (not shown) . The reflow soldering section is disposed 
upstream of the transfer means 82 . 

In this embodiment, flow soldering may be performed using 
the above flow soldering section. Flux may be applied to the 

s .. 

plO interconnect substrate 10 before applying the molten solder 62 . 

P 

This increases wettability of the solder, whereby the molten 
C solder 62 can be supplied in a good state. 
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The joint sections 32 on the first surface 12 may 
optionally be heated before applying the molten solder 62 . For 
^15 example, the joint sections 32 may be heated using the heater 
74. The interconnect substrate 10 is then transferred, and the 
molten solder 62 is supplied to the second surface 14 . The joint 
sections 32 on the first surface 12 are heated after the step 
of supplying the molten solder 62. For example, the joint 
20 sections 32 may be heated using the heater 70. The step of 
heating the joint sections 32 may be performed either at the 
same time as or after the flow soldering. This step may be 
performed both at the same time as and after the flow soldering 
In the case of heating the joint sections 32 both at the same 
25 time as and after the flow soldering, the joint section 32 is 
heated continuously. The entire area of the joint sections 32 
can be remelted by these steps. Specifically, the first metal 
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layer 34 in the junction sections 32 having a melting point 
higher than that of the second metal layer 36 is also melted. 
According to this feature, since the entire area of the joint 
sections 32 is melted, the joint sections 32 are solidified 
again by surface tension in a good state. Therefore, a decrease 
in the strength of bonding the first electronic components 20 
and 26 to the interconnect substrate 10 can be prevented after 
the completion of flow soldering. 

According to the soldering method of the embodiment of 



plO the present invention, the joint sections 32 between the first 
fj electronic components 2 0 and 2 6 and the interconnect substrate 



10 are heated after the step of flow soldering- This causes 
the entire area of the joint sections 32 to be remelted. 
Therefore, a problem in which only the low-melting-point area 
15 containing lead (second metal layer 36) in the joint sections 
32 of the first electronic component 20 is melted by heat during 
flow soldering can be prevented. Because of this, removal of 
the first electronic components 20 and 26 from the interconnect 
substrate 10 can be prevented. 
20 An electronic circuit module may be formed by mounting 

semiconductor devices or other electronic parts on the 
interconnect substrate 10 using the above -described method. 
Specifically, the above -described content may be applied to a 
method and a device of fabricating an electronic circuit module . 
25 In such cases, the above effects can also be achieved. 
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